Background: There are limited tools to assess diet quality in pregnant women in an Asian population. A healthy eating index for pregnant women in Singapore (HEI-SGP) was developed and its association with maternal characteristics examined.
Background
Diet quality indices were first developed to monitor a population's pattern of consumption and/or used to promote public health and education [1, 2] . In recent years, these indices have been increasingly used to examine the relationships between the quality of diets and risk of various diseases [3, 4] and population groups, including pregnant women [5, 6] .
Maternal nutrition is a key factor determining the healthy growth and development of the foetus and has implications on the cardiometabolic health of the offspring in later life [7] . To optimise the health of both mother and her offspring, many countries have dietary guidelines and recommendations developed specifically for pregnant women [8] [9] [10] [11] . Adherence to these dietary guidelines has been used as a marker of diet quality. Several studies have adapted or developed diet quality indices to assess the diets of pregnant women. A study found that diet quality scores were negatively correlated to pre-conception and gestational BMI [6] while another found that diet quality declined significantly between study entry and 28 weeks gestation in overweight and obese pregnant women, and was maintained for 4 months post-partum [12] .
Due to variations in dietary guidelines between different countries and cultural differences in diet, several diet quality indices for pregnant women have been developed. For example, an earlier study [13] validated the Healthy Eating Index (HEI), initially developed for healthy adults [14] by the U.S. Department of Agriculture (USDA) in 1995, for pregnant women. This HEI comprised ten components: fruit, vegetables, grains, milk, meat, total fat, saturated fat, cholesterol, sodium and variety of food choices. Another diet quality index for pregnant women is the Alternate Healthy Eating Index for Pregnancy (AHEI-P) [15] , adapted from the Alternate Healthy Eating Index (AHEI) [16] . The latter had an additional component assessing use of multivitamin/mineral supplements containing iron, folate and calcium; micronutrients deemed important during pregnancy. Conceptually, the AHEI-P is similar to that of the HEI, except the former contains more nutrient-based components. The Dietary Quality Index for Pregnancy (DQI-P) [5] , adapted from the diet quality index-revised (DQI-R) [17] , is similar to the AHEI-P but contains fewer components. The Mediterranean diet scale for pregnant women (MDS-P) [18] was modified from the Mediterranean Diet adherence Scale (MDS) [19] , which was originally used to measure diet adherence to dietary components that define a Mediterranean diet. The MDS-P is recommended for use in populations where the Mediterranean diet could be followed but may not be suitable for pregnant women living outside the Mediterranean region.
To our knowledge, this is the first study to date that investigated the use and relevance of available dietary quality indices for pregnant women in Singapore. The objective of this study was to develop a tool for measuring diet quality, which reflects the current local dietary guidelines and recommendations for pregnant women in Singapore. Additionally, we assessed associations of diet quality with maternal characteristics.
Methods

Study population
The present study was based on data from the Growing Up in Singapore Towards healthy Outcomes (GUSTO) mother-offspring cohort study [20] . Briefly, the GUSTO study is designed to investigate the effects of early life events on the risk of developing metabolic diseases later in life. From June 2009 to September 2010, pregnant women (<14 weeks' gestation) attending their antenatal care in Kandang Kerbau Women's and Children's Hospital (KKH) and National University Hospital (NUH) were recruited into the GUSTO study. Study participants recruited were Singapore citizens or permanent residents who were Chinese, Malay or Indian, had spouses of the same race, both whom had a homogenous ethnic parental background, aged between 18 and 50 years, with intention to deliver in KKH or NUH, reside in Singapore for the next 5 years, and were willing to donate their cord, cord blood and placenta.
Women with significant health conditions such as type 1 diabetes mellitus or psychosis were excluded from the study. In addition, women with in vitro fertilization and multiple gestation pregnancies were also excluded. The Institutional Review Board of KKH and NUH approved the study. All participants gave written informed consent at time of recruitment.
Data collection
Trained personnel obtained information on demographics and socio-economic characteristics from all participants during recruitment. Participants were asked to attend clinic visits at 26-28 weeks of gestation after an overnight (8 hr) fast, where fasting blood samples, anthropometric data and data relating to dietary and lifestyle characteristics (including cigarette smoking and alcohol consumption habits before and during pregnancy) were collected. Standing height and weight of participants were measured with a stadiometer (model 213; Seca, Hamburg, Germany) and digital scales (model 803; Seca) respectively and used for calculation of body mass indices. Dietary intake during pregnancy was assessed via an interview-administered 24-hour dietary recall (capturing intakes the previous day) and a 3-day food diary. The 24-hour dietary recall was collected by trained clinical staff using a 5-stage, multiple-pass interviewing technique [21] . Visual aids of food photographs and portion sizes were used during the interviews to facilitate accurate dietary data collection. The participants were also guided by these clinical staff in recording of the food diaries, which were done at home and returned at their next clinic visit. Nutrient analysis software (Dietplan, Forestfield software) and a local food composition database [22] were utilized for the nutrient analysis of these dietary records. Nutrient analyses of recipes were done with the nutrient analysis software for mixed dishes that were not available in the local database. Nutritional information of all other food items not available using the aforementioned methods, was obtained from the USDA national nutrient database or food labels. Fasting blood samples obtained from the participants were used to analyse plasma folate using the competitive electrochemiluminescence immunoassay on the ADVIA Centaur Immunoassay System. Between-run coefficients of variation (CV) for plasma measurements were 6.0 % to 10.5 % for folate samples between 1.8 ng/ mL to 9.8 ng/mL.
Structure and development process of the Healthy Eating Index for Pregnant women in Singapore (HEI-SGP)
The Healthy Eating Index for Pregnant women in Singapore (HEI-SGP) was developed to examine diet quality in pregnant women in the present study. It is adapted from the Healthy Eating Indices (HEI) [14, 23, 24] and Alternate Healthy Eating Index for Pregnancy (AHEI-P) [15] , modified accordingly to recommendations from the Singapore dietary guidelines for pregnant women [9] . For example, not all food-based and nutrient-based components from the HEI were included in the HEI-SGP as some of them were not part of the local dietary guidelines (e.g. seafood, seafood protein and fatty acids). A comparison of the food groups adopted by the aforementioned dietary indices can be found in the Additional file 1.
The HEI-SGP consists of a total of 11 components as shown in Table 1 . The first 8 components reflect the dietary adequacy and quality of food groups as recommended in the Singapore dietary guidelines for pregnant women [9] . The four adequacy components are total Total fruit includes all forms of fruits and 100 % juice; Whole fruits including all forms except juice; Total vegetables include all forms of vegetables except starchy tuber vegetables like potatoes, yam except carrots. Dark green leafy and orange vegetables include vegetables such as mustard greens, bok choy and carrots. Total rice and alternatives includes grains, products made from flour, starchy tuber vegetables; Whole grains include wholemeal/wholegrain and products made from wholemeal flour; Dairy, includes all milk products, such as fluid milk, yoghurt, and cheese, and fortified soy beverages; Total protein foods includes meat, fish, beans and peas but excludes dairy; for antenatal supplements containing iron, folate and calcium: 0 = supplements taken do not contain any of these 3 micronutrients; 5 = supplements contained 1-2 of these micronutrients; 10 = supplements taken contained all 3 micronutrients. *Zero score if total fat >40 % of energy and saturated fat >20 % of energy; 30 % and 10 % saturated fat is equivalent to 33.3 g and 11.1 g saturated fat per 1000 kcals respectively vegetables, total fruit, total rice and alternatives (known as brown rice and wholemeal bread in the guidelines), and total protein foods (known as meat and others in the guidelines), while the four components examining quality of the food groups are whole grains, dark green leafy and orange vegetables, whole fruit and dairy. Details of foods categorised under the specific components can be found in Additional file 1. Two more components are nutrient-based and reflect nutrients recommended to be taken in moderation. These are total fat and saturated fat, which have been recommended to be taken at 30 % and <10 % of total energy intake respectively [9] . The final component, adapted from AHEI-P, reflects the degree of adherence to recommendations of antenatal supplements containing iron, folate and calcium as stipulated by the Singapore dietary guidelines for pregnant women [9] . The use of supplements containing these three micronutrients has been shown to be important in meeting the elevated requirement for these micronutrients during pregnancy [15] . The HEI-SGP assessed the reported use of antenatal supplements from 24-hour recalls as specific amounts of nutrients obtained from the supplements were not captured in the study.
Weighting and scoring of HEI-SGP components
Energy intakes and metabolic responses to pregnancy differ substantially between women [25] [26] [27] . We thus chose to represent intakes of foods and nutrients of participants using the energy density method. By using a density basis of recommended serve size per 1000 kcal [23, 28] , each individual's reported energy intake was adjusted for and the diet quality score was more comparable between individuals.
The HEI-SGP components were allocated sets of scores that measured compliance to the Singapore dietary guidelines for pregnant women. Following the approaches taken by Kennedy ET et al. for HEI [14] , Rifas-Shiman SL et al. for AHEI-P [15] and McCullough ML et al. for AHEI [16] , weighting of components was undertaken as below:
1. The food groups were first classed into three categories (as reflected in the Singapore Healthy Plate Model) [29] i.e. grains, meat & others and fruit & vegetables, and each category allocated a total of 20 points. Under each category, the score was then divided to reflect adequacy and quality of the food groups met. For example, the total fruits and total vegetables components (reflecting total intake of fruits and vegetables) each contributed a maximum of 5 points to the total HEI-SGP score, while their quality components (reflecting quality of the fruit and vegetable consumed e.g. whole fruit vs fruit juices; dark green leafy and orange vegetables vs other types of vegetables) each contributed another maximum of 5 points, giving a total of 20 points. 2. Under the grains category, the total rice and alternatives component and whole grains component (reflecting quality of grains consumed) each contributed a maximum of 10 points to the total HEI-SGP score. Similarly, under the meat category, the total protein foods component and the dairy component (reflecting quality of protein) would each contribute a further 10 points each to the total HEI-SGP scores. 3. Participants were given the maximum score if they met the recommended intake levels and zero score if they did not; intermediate intakes were scored proportionately. Nutrient-based moderation components such as total and saturated fat were calculated from the 24-hour recalls and food diaries as % of total energy. Participants were given a maximum score of 10 if they adhered to the recommended intake levels (30 % and 10 % of energy respectively), a zero score if they exceeded 40 % of total energy intake for fat and 20 % of total energy intake for saturated fat. Intermediate ranges (e.g. between 30 % -40 %) were scored proportionately. A summary table of the scoring system is shown in Table 1 . 4. The antenatal supplements component constituted another 10 possible points to reflect the importance of the use of antenatal supplements [30] in accordance with the Singapore dietary guidelines for pregnant women. Participants were given a score of 10 if the antenatal supplements they consumed contained all three micronutrients (iron, folate and calcium), a score of 5 if they contained one or two of these stated micronutrients, and a score of 0 if they contained none of these micronutrients [16] . 5. The scores from the above components were summated to provide a raw HEI-SGP score, ranging from 0-90. The raw HEI-SGP scores were then converted to a scale of 0-100, as per the original HEI. A detailed description of scoring a diet with the HEI-SGP can be found in Additional file 1.
Statistical Analysis
We used primarily the 24 hour recalls for dietary data as only a small subset of these participants (n = 260) provided the 3-day food diaries. As a sensitivity analysis, average HEI scores from 3-day food diaries from this subset of participants were used to validate the consistency of relationships between maternal characteristics and HEI-SGP (from 24-hour recalls) found in the main cohort. For the primary analyses, we excluded 17 women, whose 24-hour dietary recall gave an energy intake <500 or >3500 kcal, leaving 955 women with informative data [31] . A flowchart of the subject included for this analysis can be found in Fig. 1 . The mean and distribution of the scores of each HEI-SGP component within the cohort was examined and the scores were then categorised by tertiles. The relationship between nutrient intakes, % recommended servings of food groups met, and scores by tertiles, were explored using one-way ANOVA. The relationship between maternal characteristics and HEI-SGP (tertiles) were first explored univariately, using one-way ANOVA for continuous variables and chi-square tests for categorical variables. Bonferroni post hoc tests on all possible pair wise comparisons were used if overall tests were significant. Next, the associations were examined by multinomial logistic regression and adjusted for total energy, age, BMI at 26 weeks of pregnancy, ethnicity, household income, education, marital status, cigarette smoking, and alcohol consumption. The analyses were made with reference to women with scores in the highest tertile. All analyses were conducted by using the SPSS statistical software version 16.0. A significance level of p < 0.05 was applied throughout.
Results
Examining diet quality by HEI-SGP scores in tertiles
In this cohort, the HEI-SGP scores covered a wide range from 12.6 to 94.3, range of 86.1 with a mean (SD) of 52.4 (13.8), median of 52.6 and interquartile range 42.3-62.0. When the scores were categorised by tertiles, the score range for low, middle and high were 12.6-45.5, 45.6-58.6 and 58.7-94.3, respectively. Table 2 illustrates that the HEI-SGP takes into account various components that captured variation in the quality of the diet. Examining the percentage of recommended servings of food groups (accordingly to Singapore dietary guidelines for pregnant women) met by participants, in general, the higher the score tertile, the higher percentages of recommended servings of each food group were met. Compared to those in the middle and low tertiles, participants in the high tertile were more likely to meet recommendations for intakes of total fruits, whole fruits, total vegetables, dark green leafy and orange vegetables and dairy food groups (p < 0.001 for all). For total protein foods and total rice & alternatives, the percentage of participants eating recommended amounts was significantly higher in the high tertile when compared to the low tertile (p = 0.02 and p < 0.001 respectively) but not when compared to the middle tertile. Significant differences in the percentages of participants achieving recommended servings were observed between the middle and low tertiles for most food groups (p < 0.001 for all). The percentage of recommended servings of whole grains and types of antenatal supplements met by participants in the high tertile was significantly higher compared to those in the middle or low tertile (p < 0.001 for both), with no significant differences between the middle and low tertile.
To further test the internal consistency of this index, we compared nutrient intakes derived from the 24-hour recalls across the HEI-SGP tertiles. These included components in the HEI-SGP i.e. % of energy from total fat and saturated fat as well as additional nutrients not in the HEI-SGP, including % of energy from carbohydrate, protein, % Recommended Dietary Intakes (RDI) for dietary calcium, dietary iron, and plasma folate concentrations. Participants in the high tertile had higher percentage of energy from carbohydrate compared to those in the low tertile (p < 0.001). While there was no statistical significance between energy contributed from protein between the high and middle tertiles (p = 0.316), participants in the low tertile had significantly lower percentage of energy from protein (p < 0.001), compared to those participants from the other tertiles. Participants in the low tertile had the highest percentage of energy from total fat and saturated fat compared to women in the other tertiles (p < 0.001 for all). Participants in the high tertile had mean plasma folate concentrations that were significantly higher than participants in both the middle (p < 0.001) and low tertile (p = 0.002). For dietary calcium and iron, a statistically significant trend of increasing percentage of women meeting RDI is seen with higher tertiles (p < 0.001 for all).
Maternal characteristics and HEI-SGP of the GUSTO cohort
The maternal characteristics of women (n = 955) from the GUSTO cohort study, by HEI-SGP tertiles are shown
Total participants, n=1247
In vitro fertilisation and multiple gestations n=95
Eligible, n=1152
Complete diet information, n= 985
Total participants included for analysis, n=955
No complete dietary information, n=167
Missing covariates Height and weight, n=13 Energy intakes <500 or >3500 kcal, n=17 Fig. 1 Flowchart of the participants included for analyses in Table 3 . Pregnant women in the high HEI-SGP tertile tended to be older and had lower body mass index (BMI) than those in the middle or low tertile (p < 0.001 for all). Compared to women in the low tertile, those in the high HEI-SGP tertile also tended to be more highly educated (p < 0.001), had higher household incomes (p < 0.001), were more likely to be married and living with their husbands (p = 0.004), on their first pregnancy (p = 0.061) and not smoked regularly before (p < 0.001) and during pregnancy (p = 0.005). Interestingly, a larger percentage of women who drank alcohol before pregnancy belonged to the high tertile, which could be a reflection of better economic status. Across different ethnicities, a higher percentage of Chinese women belonged to the high tertile, while a higher percentage of Malay women belonged to the low tertile. There was no significant difference in scores for working status, alcohol usage during pregnancy and moderate/strenuous exercise during pregnancy across tertiles. The relationships between the various maternal characteristics and HEI-SGP tertiles as aforementioned remained largely similar even when HEI scores were derived from 3-day food diaries from a subgroup of women (Additional file 1).
Adjusting for all covariates in a multivariate model (as shown in Table 4 ), the factors which predicted women belonging to the low HEI-SGP tertile were being younger (OR = 0.94, 95%CI: 0.90-0.97), being of Malay ethnicity (OR = 2.54, 95%CI: 1.55-4.16), having low household incomes of < S$2000 (OR = 2.00, 95%CI: 1.03-3.87) and having an education level of secondary or less (OR = 1.96, 95%CI: 1.19-3.25). In addition, women who had previous pregnancies had an increased likelihood (OR: 1.51; 95%CI 1.02, 2.24) of belonging to the low tertile than women with first-time pregnancies.
Discussion
Our study developed a tool (HEI-SGP) for measuring diet quality in pregnant women in Singapore based on data from a 24-hour dietary recall categorised according to adherence to current local dietary guidelines and recommendations. The HEI-SGP was successful in quantitatively differentiating diet quality using one 24-hour dietary recall. Furthermore, we found differences in diet quality by maternal and socio demographic factors using the HEI-SGP. Examining diet quality using HEI-SGP scores by tertiles
We found that the mean percentages of recommended servings of each food group met by participants were significantly different across tertiles, demonstrating that the HEI-SGP was not dependent on a single or a few components of the diet and that the weightings used in deriving the score gave a broad representation of adherence to recommendations. The consistent increase in percentage recommended servings met by the various food groups/component with increasing tertiles paralleled the increase in % RDI met by the key vitamins and minerals, which suggests that using the food-based components was adequate to capture these important dietary constituents, without them being included in the HEI-SGP directly. The considerable lower proportion of energy intake from fats compared to carbohydrate and protein in participants of the high tertile reflected their close adherence to the dietary guidelines of the healthy plate, where carbohydraterich sources are recommended to form a larger proportion of the diet and fat consumption a smaller proportion.
Maternal characteristics and HEI-SGP
In this study, women in the low tertile had higher total energy intake than women in the other tertiles. This somewhat corresponds to the BMI at 26 th week gestation of the women, where BMI of the women in the lowest and middle tertile were significantly higher than women in the highest tertile. In contrast, previously reported data had shown that diet quality and total energy intake were positively correlated. Two separate studies found that higher energy intake in pregnant women with better quality Mediterranean diet (MD) [32, 33] . Dietary data from both cohorts used were collected using food frequency questionnaire (FFQ) to estimate variety and frequency of intake. Participants with greater variety and higher frequency of certain food would be deemed to have higher diet quality. However, this may also lead to higher energy intakes being calculated from the FFQ. For the present study, the aforementioned biasness was moderated by use of energy-adjusted intakes, a diet scoring system based on foods consumed per 1000 kcal. Consistent with three other studies [32] [33] [34] , we found that older women were more likely to have a better diet quality compared to younger women. This may be because older women are likely to have planned pregnancies, and consequently more likely to eat more healthily to prepare for the pregnancy. Older women have been found to have better nutritional knowledge and better adherence to national dietary guidelines, and this may explain the better quality diets they have [35] .
Socioeconomic status has also been observed to have a strong association with diet quality. Pregnant women who belonged to the category of ">350 % above poverty index" had significantly higher diet quality than those who belonged to the "185 to <350 % above poverty index" category in Australia [5] . Similar to these findings, our study found that pregnant women with household income < S$2000/month have increased likelihood of a poor diet quality. Diet quality may not be the priority of future mothers that are financially poorer. Pregnant women who are financially poorer might have less access to healthier foods due to lower income and/ or do not regard having a good diet as priority [36] . We also found that women with education levels of less than secondary were more likely to have a poorer diet quality. This is consistent with results from studies that found higher diet quality in women who had higher educational qualifications than those with lower educational qualifications [15, 33] . Higher levels of education may be reflection of better nutritional knowledge and/or better socioeconomic status, which in turn are associated with a better overall diet quality [35] .
In addition, we found that women with previous pregnancies were more likely to have a poorer diet quality compared to those with first-time pregnancies. This is comparable to previous findings showing better diet quality in nulliparous women than multiparous women [5, 34] . This is likely due to an increased shift in focus from personal to fetal needs in first time pregnancies as compared to those with past pregnancies [37] .
Previous associations of racial differences and diet quality during pregnancy reported differences in diet quality among people of varying ethnicity [15, 32] . In our study, we found that Malay women were more likely to have a poorer diet quality compared to women of Chinese and Indian ethnicity. This could be related to socioeconomic circumstances as well as changes in diet due to cultural beliefs. Compared to the Chinese and Indian women, the Malay women in our cohort were reported previously to have the highest percent decrease in milk, fruit, rice, noodles and bread, and vegetables consumption during pregnancy than before pregnancy [38] and this would have inevitably affected diet quality. These two aforementioned associations are in line with a recent review, which also found that the quality of maternal diets varied across ethnicity and dependent on the number of offspring [39] .
Strengths of the HEI-SGP
A strength of our study is the relatively large and diverse cohort within which HEI-SGP was examined. We have shown that the HEI-SGP can be used in a multi-ethnic cohort and we believe that the HEI-SGP is reproducible for use in other pregnant populations with similar ethnicities and dietary guidelines. Based on a one-day recall, the HEI-SGP gives a snapshot of the diet quality of the pregnant women. The key advantage is that it is simple, with easy to use components and methods to quantify. This may be useful as a screening tool to select women 'at risk' of poor diets for counselling/therapy and intervention.
Limitations of the HEI-SGP
It is recognised that a 24-hour recall reflects a day's intake and does not take into account day-to day variation or longer term dietary patterns, which may provide a more accurate assessment of diet quality. Participants were also asked to fast overnight prior the clinic visit when the 24 hr recall was obtained and this could influence eating patterns of those who tend to eat very late at night. The HEI-SGP was able to capture most but not all dietary constituents due to the lack of complete nutritional data on local foods e.g. sodium, "discretionary calories" from sugar. It is acknowledged that lack of these specific dietary constituents would thus preclude the ability of HEI-SGP to reflect diet quality with regards to these nutritional aspects of the diets. The HEI-SGP may also be limited because it does not directly capture overconsumption of certain food groups such as "total rice and alternatives", "total protein foods" or "dairy", which may contribute to excess pregnancy weight gain or an imbalance of macronutrients. However, it is important to consider that including too many components would add complexity and limit the use of the HEI-SGP for public health education and as a screening tool.
Conclusions
Our study has developed a diet quality tool, which has shown to quantitatively describe the quality of the diets of pregnant women in Singapore at 26-28 weeks gestation in the GUSTO study. This tool also provided a measure of the nutritional status of our cohort and identified maternal characteristics that are associated with poor diet and nutrition. Identifying 'at risk' characteristics will be important to guide public health policies that aim to promote maternal health and well-being. Although the present study was done on Singaporean women, the ethnic diversity in this study population suggests its application to other Asian populations. Validation of the HEI-SGP in other pregnant populations could provide valuable information for policy makers or nutrition educators in countries with similar multi-ethnic populations.
The HEI-SGP is a relatively simple, and easy to use method at a population level to identify women 'at risk' of poor diets for counselling/therapy and intervention at a population level. It could also potentially be adapted and incorporated into existing health screening tools. 
